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This project studied the following two aspects of topographic influence on transient atmospheric motions: 



1) Lee Cyclogenesis. It is observed that cyclones frequently form on the lee side of mid-latitude mountain 
ranges. This problem is investigated with a long mountain range which is perpendicular to a vertically 
sheared basic current. The prediction equations are solved with both analytic and numerical methods. It 
is found that lee cyclogenesis can be partially explained by a superposition effect involving a 
counterclockwise rotating cyclone and a clockwise rotation circulation forced by the mountain range. 

2) Effects of topography on fronts. It is often observed that fronts are strongly affected by topography. A 
two-dimensional numerical model is used for this study. The model predicts the formation of fronts 
through the effects of a confluent horizontal wind field. When a front is placed on the upwind side of a 
mountain range, it weakens relative to the no-mountain solution as it moves up the slope, and it 
strengthens as it moves down the lee slope. The collapse of a front to very small scales is studied with a 
non-hydrrostatic numerical model. It is found that this process excites gravity waves. 
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The NEPRF spectral baroclinic primitive equation with 
six layers was numerically integrated over time to examine 
the effects that vertical wind profiles have on the 
development of lee cyclogenesis. In addition, the model was 
run in both linear and nonlinear modes to isolate their 
effects on the tests. The objective was to simulate a cold 
front moving over a high mountain ridge, similar to the Alps 
or Rockies, by implementing a wind reversal profile to 
determine if this was conducive to lee cyclogenesis. It was 
found that the wind reversal profile produced favorable 
cyclonic growth, particularly when the model was in a linear 
mode. A nonlinear wind reversal test also produced positive 
results but only for a relatively short time; thereafter 
nonlinear interactions dampened cyclonic growth 
considerably. In addition, two tests were run that allowed 
the mountain to grow in a very short time to isolate 
inertial gravity wave interactions. The gravity waves did 
produce considerable oscillations in the two tests, but 
after 15 hours or so these two tests showed similar cyclonic 
growth to the previous tests. 
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Gravity Waves Generated during Frontogenesis 
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(Manuscript received 17 June 1987, in final form 22 February 1988) 

ABSTRACT 

Gravity waves forced by nonhydrostatic and nongeostrophic processes within a frontal zone are discussed. 
In particular, stationary' waves immediately above and below the surface front are considered. 

The waves that appear above the front are horizontally stationary with respect to the front, but are vertically 
propagating. The vertical wavelength here is given by IxvlN, since the waves are nearly hydrostatic. 

The horizontal wavelength of the waves above the front is determined by standing waves that set up below- 
the front. These waves corrugate the frontal surface, and these corrugations, in turn, determine the horizontal 
scale of the waves abov e the front. 

The waves under the front are standing and are trapped between the earth's surface and the frontal zone 
which, due to its conditions of flow- reversal and small Ri, is assumed to be a reflector of gravity waves. The 
horizontal scale of the standing waves is determined by their vertical wavelength and the slope of the frontal 
surface. These waves are shown to break, and additional stationary waves appear above each of the break- 
ing zones. 

We suggest that the waves described here might account for some of the banding seen in satellite images of 
frontal zones. 



Introduction 

Perhaps one of the most striking features of satellite 
nages in frontal regions is the banded nature of the 
ouds. Almost any picture of a frontal region reveals 
'ng thin streaks of clouds, more or less parallel to the 
'ont itself and extending from hundreds to a thousand 
ilometers or more. Figure 1 shows two such images 
nd emphasizes examples of different types of banding 
'.at can often be seen associated with fronts. 

There have been a number of suggestions to explain 
: least some of the banded features associated with 
onts, though not necessarily the banded features in 
v clouds themselves. Most of the explanations involve 
mded structure observed within the precipitating 
lis of the front. Houze and Hobbs ( 1 982) summarize 



* The National Center for Atmospheric Research is sponsored by 
e National Science Foundation. 



Corresponding author address: Dr. Robert L. Gall, Institute of 
biospheric Phvsics, University of Arizona, Building *81, 1 ucson, 
: S572I. 



some of the details of these features. Perhaps the most 
widely accepted explanation of bands is that the flow 
within the frontal zone is unstable with respect to sym- 
metric overturnings and that the waves so generated 
organize the precipitation and clouds into parallel lines. 
Extensive discussions of the role of the symmetric in- 
stability (or slantwise convection) in the rainbands of 
frontal regions is available in papers by Bennetts and 
Hoskins (1979) and Emanuel (1983a,b). 

We have little difficulty in accepting these concepts 
for those regions of the front where there is precipita- 
tion. In those regions, the conditions necessary for the 
onset of symmetric instability can be established by 
the release of latent heat. Hoskins (1974) has shown 
that negative regions of potential vorticity are necessary 
for symmetric instability. Since potential vorticity is 
usually positive in the atmosphere, diabatic or viscous 
processes are necessary to set off symmetric instability. 
In frontal regions, the primary diabatic heat source is 
due to latent heat release, and thus it appears that pre- 
cipitation is necessary' before this form of instability 
can appear. Emanuel (1983b) has demonstrated that 
it is possible that symmetric overturnings occur in some 
fronts. 
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